The metastatic incidence of retroperitoneal dedifferentiated liposarcoma is comparatively lower than other pleomorphic sarcomas, varying widely from 1 to 18%. Low-grade dedifferentiation resembling low-grade fibrosarcoma has been recently accepted as part of the morphologic spectrum of dedifferentiated liposarcoma and was reported to have similar metastatic and survival rates to its high-grade counterpart. We sought to determine the metastatic incidence of retroperitoneal dedifferentiated liposarcoma, the clinicopathological features related to metastasis, and their postmetastatic behavior. Of all 354 retroperitoneal liposarcoma cases diagnosed at Memorial Sloan-Kettering Cancer Center during 1982-2003, we identified seven patients developing distant metastases, occurring in four females and three males, ranging from 35 to 73 years in age at presentation. They were all de novo dedifferentiated, while none of the well-differentiated liposarcoma or secondary dedifferentiated liposarcoma developed distant metastasis. Primary tumor sizes varied from 7.5 to 25 cm. All seven patients developing metastases contained Z50% dedifferentiated elements in the primary tumor, with a predominant morphology resembling myxofibrosarcoma in five cases. The metastatic sites included the lung in four patients, somatic soft tissue in two, and liver in one. The median metastasis-free survival was 48 months, with only two patients experiencing local recurrences before developing metastasis. Six patients died of disease at median follow-up of 53 months after diagnosis and only 5 months after their first metastases. In conclusion, retroperitoneal dedifferentiated liposarcoma have a low metastatic rate, which is strongly related to de novo dedifferentiated histology that usually constitutes a prominent component of the primary tumor. Irrespective of the grade dedifferentiated liposarcoma with myxofibrosarcoma-like features should be closely monitored. Once metastases occur, they tend to follow a rapidly fatal course. Modern Pathology (2005) 18, 976-984.
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in 1979, consists of well-differentiated liposarcomas associated with or progressing to a high-grade nonlipogenic sarcoma. 1 Despite a 5-year disease-specific mortality up to 30% for retroperitoneal dedifferentiated liposarcoma, the majority of fatal cases were caused by locally aggressive disease. 2, 3 In spite of its commonly pleomorphic high-grade morphology, several clinicopathological studies have indicated that dedifferentiated liposarcoma behaves less aggressively as compared with other pleomorphic sarcomas of adulthood. 4, 5 Some authors considered that the basis for this difference might be related to a comparatively lower metastatic rate, ranging from 1 to 18% depending on series.
Nevertheless, two points remained to be cautiously elucidated before drawing such a conclusion. Firstly, most patients with dedifferentiated liposarcoma die of the local effects of their tumor before metastasis become obvious; and secondly, it is difficult to accurately determine what criteria distinguish between local (contiguous) invasion and true metastasis.
Dedifferentiated areas in liposarcoma can display a variety of histological patterns, including pleomorphic/storiform malignant fibrous histiocytoma-like, [1] [2] [3] [4] [5] [6] fibrosarcoma-like, [1] [2] [3] [4] [5] [6] myxofibrosarcoma-like, 2, 4, 5, 7 and heterologus differentiation, such as myogenic 8, 9 or osteogenic or chondro-sarcomatous 8 elements, etc. In addition, the original concept of dedifferentiation in liposarcoma was recently challenged by Henricks et al, 2 who expanded fibrosarcoma or fibromatosis-like appearances. As compared to the high-grade counterparts, low-grade dedifferentiation was reported to confer similar metastatic and survival rates.
Nevertheless, whether the current notion and hitherto described histological spectrum of dedifferentiation, including pure low-grade examples, are completely irrefutable necessitate reappraisal. For instance, although high-grade myxofibrosarcomalike appearance was widely accepted as a distinct morphological pattern of dedifferentiated liposarcoma, 2, 4, 5, 7 little is known about the prognostic significance and metastatic potential of low-grade myxofibrosarcoma-like histology in retroperitoneal dedifferentiated liposarcoma. In addition, the distinction between dedifferentiated liposarcoma showing heterologus components, 8, 9 such as osteosarcoma-like morphology, 8 and malignant mesenchymoma characterized by the coexistence of well-differentiated liposarcoma and osteosarcoma still remains obscure. [10] [11] [12] Therefore, the aim of current series was to better address the aforementioned questions by correlating the morphological variations, extent, and histological grades of dedifferentiation with the clinical evolution, preferential metastatic sites, and postmetastatic survival of seven patients developing distant metastasis from their retroperitoneal dedifferentiated liposarcoma.
Materials and methods
The prospectively maintained sarcoma database of Memorial Sloan-Kettering Cancer Center (MSKCC) was searched for retroperitoneal liposarcomas diagnosed between 1982 and 2003. After histological reclassification by excluding retroperitoneal pleomorphic (n ¼ 15) and myxoid/round cell liposarcomas (n ¼ 30), we found that 354 patients had primary and/or recurrent tumors belonging to the family of well-differentiated/dedifferentiated liposarcoma. Of these, primary de novo and secondary dedifferentiated liposarcoma were identified in 97 (27%) and 31 (9%), respectively. None of the patients had distant metastasis at the time of presentation. The seven patients developing distant metastases were included by recognizing bona fide parenchymal involvement of visceral organs or somatic soft tissues with discrete separation from the infiltrative borders of main tumors. Those tumors with local direct invasion/adherence to intra-abdominal organs, such as renal, splenic, or hepatic capsules, were not regarded as true distant spread. This metastatic subset represented 2% of all retroperitoneal well-differentiated/dedifferentiated liposarcomas, 5% of both primary and secondary retroperitoneal dedifferentiated liposarcoma, and 7% of primary retroperitoneal dedifferentiated liposarcoma, and their primary tumors were all de novo dedifferentiated.
In these seven patients, the following clinicopathological features were examined for the primary and/or locally recurrent sarcomas: age, sex, tumor size of primary tumor, the extent, histological grade, the predominant morphological patterns in both well-differentiated and dedifferentiated elements, mitotic rates, and percentage of tumor necrosis. The dedifferentiated component was graded as low or high, based on a two-tier grading scheme traditionally applied at MSKCC. A low-grade sarcoma was defined as a tumor with low cellularity, increased extracellular stroma, a mitotic rate o5 MF/10 HPFs, and only focal tumor necrosis. The features of a high-grade lesion included increased cellularity with associated less extracellular stroma, mitotic activity of Z5 MF/10 HPFs, and tumor necrosis of 10%. For the metastatic lesions, the sites, histological features, and tumor grades were obtained by both histological and chart reviews. The time intervals to each local recurrence and distant metastasis, the last follow-up status, and duration of postmetastatic survival were compared with clinicopathological data.
Results

Clinical Findings and Follow-Up
The clinical features of the seven patients developing metastasis from the retroperitoneal dedifferentiated liposarcoma are summarized in Table 1 . The patients comprised four women and three men, who ranged in age from 35 to 73 (mean, 59; median, 60) years. Except for abdominal fullness noted in two patients (case no. 1, 5), there was no characteristic presenting complaint in the other patients. Surgical excision was the treatment for the primary tumors in all seven cases. The most common site of first metastasis was the lung/pleura (n ¼ 4), followed by somatic soft tissue (one each for thigh and axilla), and liver (n ¼ 1) after a median follow-up of 48 months (range, 4-144 months). One patient (case no. 5) experienced three episodes of local recurrences at 3, 41, and 46 months after excision of the primary tumor and eventually developed metastasis to axillary soft tissue at 48 months. Another patient (case no. 7) had two local recurrences at 23 and 66 months, with subsequent multiple pulmonary metastases at 119 months. The remaining five patients displayed metastatic diseases in the absence of prior local recurrences. After the first metastasis, subsequent dissemination was also detected in the visceral organs of three patients, including the lung, liver, pancreas, and pericardium, as documented by radiological follow-up or autopsy reports. In the present series, six of seven patients died of their diseases with a median survival of 53 months (range, 8-192 months) , which appeared to be comparatively worse than the entire cohort of retroperitoneal dedifferentiated liposarcoma. The basis of this remarkable difference in prognosis might be ascribed to the extremely aggressive postmetastatic course of metastatic retroperitoneal dedifferentiated liposarcoma with a median postmetastatic survival of only 5 months.
Pathological Findings
Grossly, the primary tumors were described as tanpink or yellow with soft (case no. 3-7), rubbery (case no. 1), to focally firm gritty (case no. 2) consistency. The tumor size ranged from 7.5 to 25 cm. Distinct gelatinous, single nodular or multinodular areas were present in five cases (case no. 3-7). The histological features of these seven cases are listed in Table 2 . All seven primary tumors were de novo The common but striking similarity in all seven primary tumors was that dedifferentiated areas formed the predominant component (Z50% of the mass; mean, 67%). In case no. 1, the primary tumor showed an abrupt transition between the paucicellular, sclerosing well-differentiated and the high-grade fibrosarcoma morphology. The latter component displayed either a fascicular growth or resembled a malignant fibrous solitary tumor pattern, with interspersed sunburst-shaped amianthoid collagen fibers and staghorn vasculature (Figure 1a and b). The mitotic count was 8 MF/10 HPFs in the most mitotically active area of primary tumor, and coagulative tumor necrosis was focally seen. Nevertheless, the first metastasis to the right thigh displayed a relatively circumscribed, hypocellular, fibroblastic appearance characterized by abundant collagen fibers, thereby resembling a benign solitaryfibrous tumor or fibromatosis without obvious mitoses or tumor necrosis (Figure 1c) .
In case no. 2, the well-differentiated component was of lipoma-like subtype, while the adjacent pleomorphic sarcomatous zone was hypercellular with discernible tumor necrosis and a mitotic rate up to 12 MF/10 HPF. This latter component featured heterologus differentiation showing both hyaline chondroid matrix and intricate mineralizing osteoid (Figure 2a-c) . In addition, scattered collections of osteoclast-like giant cells were found admixed with sarcomatous cells in the osteoid-producing area of the primary tumor (Figure 2d ). The solitary lung metastasis was rich in osteoclast-like giant cells but devoid of matrix, thereby simulating a giant cell malignant fibrous histiocytoma (Figure 2e) .
The common denominator in the dedifferentiated portion of the remaining five cases was the predominant myxofibrosarcoma-like appearance. Nodular myxoid proliferations distinct from the adjacent well-differentiated liposarcoma elements were identified in four primary lesions, but present only in the local recurrences in the remaining one (Figures 3a,  4a and b) (see Table 2 ). The myxofibrosarcoma-like dedifferentiated areas contained spindle, stellate, or bizarre cells of varying degree of cellularity and pleomorphism, embedded in a prominent myxoid stroma rich in thick curvilinear vasculature or finer plexiform capillary network (Figures 3a, 4a and b) . The histologic grade of the dedifferentiated component in the primary lesions was low grade ( Figure  3a ) in three and high grade (Figure 4b ) in two cases, using a two-tier grading scheme. The low-grade group was defined as having low cellularity, slight nuclear pleomorphism and low mitotic rates o5/ 10 HPF. The high-grade group had increased cellularity, moderate to marked nuclear pleomorphism, mitotic activity of Z5/10 HPFs, and tumor necrosis. The metastatic lesions generally retained the same histological grade as those of the primary lesions, and displayed either similar myxoid or somewhat more fibrous stroma (Figure 3b and c) . However, the two lung metastases of case no. 7 were both high grade (Figure 4c ), identical to the prior local recurrence, progressing from a primary tumor with low-grade dedifferentiation. Of note were the peculiar 'BOOP-like' intra-alveolar or peribronchiolar micronodular patterns seen in some of the metastases of case no. 3 (Figure 3c ).
Discussion
Well-differentiated and dedifferentiated liposarcoma, the most common retroperitoneal sarcoma, are considered to lie within the same spectrum, as dedifferentiated liposarcoma represents a manifestation of disease progression from well-differentiated component in the primary tumors or recurrences.
1,2,6 Dedifferentiated liposarcoma typically displays a variable histological picture, but most frequently resembles malignant fibrous histiocytoma or intermediate to high-grade myxofibrosarcoma.
1,2,4-7 Careful and extensive sampling is therefore mandatory, particularly in primary de novo dedifferentiated liposarcoma with prominent dedifferentiation, as the well-differentiated component may be neglected. Both well-differentiated and dedifferentiated liposarcoma are characterized cytogenetically by ring or giant marker chromosomes derived from amplified 12q13-15 material, with additional aberrations more often detected in dedifferentiated variants. [13] [14] [15] Indeed, it was demonstrated recently that a subgroup of previously diagnosed malignant fibrous histiocytoma, especially for those arising in the retroperitoneum, is genetically similar with well-differentiated/dedifferentiated liposarcoma family. 13, 14 Although dedifferentiation is associated with a six-fold increased risk of death as compared with well-differentiated histology, 16 some authors believe that dedifferentiated liposarcoma has a low incidence of distant metastasis, ranging from 1 to 18% in various series. [2] [3] [4] [5] [6] [7] [8] [9] Other pleomorphic sarcomas, such as storiform/pleomorphic malignant fibrous histiocytoma of extremities may show a cumulative metastatic probability greater than 50% at 3 years. 16, 17 The present series substantiated this viewpoint by finding that only 7% of 97 primary retroperitoneal dedifferentiated liposarcomas, followed in a prospective database of MSKCC and treated in a standard fashion, eventually developed distant metastasis proven by histological diagnosis. Nevertheless, it must be added that this figure may represent a minimum metastatic rate since we adopted strict histological criteria to define bona fide metastasis.
Henricks et al 2 investigated the impact of the extent, grading, and histological pattern of dedifferentiation on outcome. In their analysis of 155 dedifferentiated liposarcomas, including 106 retroperitoneal cases, none of the histological factors studied proved predictive of patient survival and metastatic propensity. 2 Their cases of dedifferentiated liposarcomas with pure low-grade fibrosarcoma/fibromatosis-like appearance even showed a slightly higher (25 vs 16%), albeit insignificant, incidence of metastases. 2 We found that primary de novo dedifferentiated liposarcoma had an increased risk of distant metastasis compared with secondary dedifferentiation, insofar as all seven patients developing metastases in this study had ab initio dedifferentiation. Two possible causes may account for this result. Firstly, de novo lesions are more advanced temporally in view of tumor progression, since they have already progressed from welldifferentiated areas for a period of time. Secondly, the prominent rather than focal dedifferentiated component seen in our cases is more likely to harbor subclones of sarcoma cells with metastatic capability. To date, no investigation specifically addressed the postmetastatic course in patients with metastatic dedifferentiated liposarcoma and little is known about whether low-grade dedifferentiation differs from high-grade counterpart in this regard. This question is relevant given patients with other metastatic low-grade sarcomas, such as low-grade fibromyxoid sarcoma 18 and endometrial stromal sarcoma, 19 that usually have a prolonged survival if the metastases are surgically excised. In the current series, we found that the postmetastatic course was extremely aggressive, since all patients died of systemic dissemination of tumors at a median of 5 months after developing first metastases, except for case no. 7 having a recent metastatic event. In addition, this finding appears to be independent of histological grade, since the two metastatic cases with low-grade myxofibrosarcoma-like histology (case no. 3, 4) both died of their diseases, with postmetastatic survival time comparable to the high-grade tumors.
Myxofibrosarcoma-like histology in retroperitoneal liposarcoma represents a distinct type of dedifferentiation with a broad spectrum of tumor progression analogous to soft tissue myxofibrosarcoma. 20 These can range from a very bland, low-grade pattern almost indistinguishable from well-differentiated liposarcoma with secondary myxoid change to frankly high-grade dedifferentiation with gradually increased mitotic activity and nuclear pleomorphism. 7, 21 Overall, myxofibrosarcoma-like histology (five out of seven, 71%) constituted the most common subtype of dedifferentiation in this series, implying a special intrinsic propensity of myxoid matrix for the development of metastasis. Further characterization of these findings may provide insight into the biology of these tumors. The recognition of low-grade myxofibrosarcoma-like histology as a novel concept of dedifferentiation with metastatic propensity was validated in two of our patients (case no. 3, 4) showing the same low-grade appearance in metastatic lesions. Nevertheless, its morphological distinction from well-differentiated liposarcoma with myxoid change is admittedly difficult at times without standardized guidelines. Based on histological review of all retroperitoneal liposarcomas with myxoid areas at our institution, we proposed that tumors should be identified as having low-grade myxofibrosarcoma-like dedifferentiation, provided that (1) lack adipocytic differentiation in at least one low-power view area; (2) are associated with a prominent vascular networks, either chicken-wire capillary or thicker curvilinear in shape within the myxoid nodular areas; and (3) show presence of increased cellularity with at least mild nuclear atypia.
Approximately one-third of retroperitoneal dedifferentiated liposarcomas contain low and/or high-grade myxofibrosarcoma-like areas, 7,21 which may pose a tremendous diagnostic challenge due to overlapping morphological features with other myxoid neoplasms. This difficulty is especially obvious in the distinction from myxoid liposarcoma and myxofibrosarcoma, 7, 21, 22 and generate speculation upon the existence of true mixed liposarcoma in this location. According to our reclassification stated in Materials and methods, bona fide myxoid/ round cell liposarcomas accounted for only 7% of all retroperitoneal liposarcomas, some of which were previously verified by the presence of the hallmark TLS-CHOP fusion gene, 21, 22 suggesting the rarity but actual existence of this entity in the retroperitoneum. On the other hand, in our prior series we failed to detect the chimeric fusion transcript of TLS-CHOP or CHOP gene rearrangement by using reverse transcriptase polymerase chain reaction or Southern blot assay in any of well-differentiated or dedifferentiated liposarcomas, with either predominantly (defined as myxoid area 490%) or less myxoid histology (myxoid area r50%). 21 These molecular results suggested that dedifferentiated liposarcoma with myxofibrosarcoma-like morphology is histogenetically distinct from the translocation-associated myxoid/round cell liposarcoma. In addition, adequate sampling is mandatory to distinguish among true myxofibrosarcoma, 22 myxofibrosarcoma-like pleomorphic liposarcoma, 23 and myxofibrosarcoma-like dedifferentiated liposarcoma 7, 21 of the retroperitoneum. Rendering definite diagnoses for the latter two entities depend on the identification of telltale welldifferentiated liposarcoma component (lipoma-like or sclerosing) 7, 21 and pleomorphic lipoblasts. 23 The distinction between dedifferentiated liposarcoma with myxofibrosarcoma-like histology and other subtypes of myxoid sarcomas is crucial in predicting the biological behavior. While myxoid liposarcoma has a greater propensity for somatic soft tissue metastasis as compared to other histological type of sarcomas, 24 this property is not restricted to myxoid liposarcoma alone. In the present report, one each of high-grade fibrosarcoma-and myxofibrosarcoma-like dedifferentiated liposarcoma (case no. 1, 5) developed distant metastases firstly to soft tissue sites. Apart from the common pulmonary and osseous metastases, lymph node metastases are seen in a small but significant number of myxofibrosarcoma cases. 22, 25 The term 'malignant mesenchymoma' has been applied to sarcomas that exhibited two or more lines of specialized differentiation. [10] [11] [12] In spite of strict diagnostic criteria, the existence of malignant mesenchymoma remains controversial and in the latest WHO classification on soft tissue tumors was not regarded as a distinct clinicopathologic entity. 26 Dedifferentiated liposarcoma may exhibit heterologous differentiation in about 5% of cases, mainly with osteo-/chondro-sarcoma or myosarcomatous elements. 8, 9 One report of malignant mesenchymoma showing well-differentiated liposarcoma combined with divergent osteogenic sarcoma or myosarcoma contained ring chromosomes as well as amplification of 12q13-q14. 12 These preliminary data seem to suggest that a subset of malignant mesenchymoma with well-differentiated liposarcoma as one of lines of differentiation might be histogenetically identical to dedifferentiated liposarcoma with heterologous elements.
In summary, we have described seven patients developing distant metastases from their retroperitoneal dedifferentiated liposarcoma. The tumors contained 50% or more of de novo dedifferentiated component in their primary lesions. Interestingly, not all patients experienced local recurrence, as seen in five cases of this series, before developing distant metastases. Although the number of cases in our study is relatively small, this metastatic subset appeared to display a shorter median survival than the entire cohort of dedifferentiated liposarcoma, primarily ascribed to an extremely aggressive postmetastatic course. Our findings support the notion of low-grade dedifferentiation and expand its morphological spectrum by virtue of the following reasons. First, despite limited case number, myxofibrosarcoma-like dedifferentiation appears to be the most common morphology prone to develop metastasis. Second, the myxofibrosarcoma-like pattern appears to be a continuum of tumor progression, with its low-grade end representing early dedifferentiation already carrying a metastatic potential. Finally, retroperitoneal dedifferentiated liposarcoma with low-grade myxofibrosarcoma-like dedifferentiation should not be confused with myxoid liposarcoma, a distinct subtype of liposarcoma, rarely arising primarily in the retroperitoneum, in light of their similarities in bland myxoid morphology and tendency to soft tissue metastasis.
